(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 089 361 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

04.04.2001 Bulletin 2001/14 

(21) Application number: 00121474.1 

(22) Date of filing: 29.09.2000 



(51) IntCI. 7 : H01L 51/20 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Kido, Junji 


MC NL PT SE 


Kitakatsuragi-gun, Nara-ken (JP) 


Designated Extension States: 


• Endoh, Jun, 


AL LT LV MK RO SI 


International Manufacturing and 




Fujisawa-shi, Kanagawa-ken (JP) 


(30) Priority: 29.09.1999 JP 27693399 


• Yokoi, Akira, 


29.02.2000 JP 2000054176 


International Manufacturing and 


(71) Applicants: 


Fujisawa-shi, Kanagawa-ken (JP) 


• Mori, Kohichi, 


• Kido, Junji 


International Manufacturing and 


Kitakatsuragi-gun, Nara-ken 635-0831 (JP) 


Fujisawa-shi, Kanagawa-ken (JP) 


• International Manufacturing and Engineering 


Services Co., Ltd. 


(74) Representative: 


Fujisawa-shi, Kanagawa-ken (JP) 


Schaumburg, Thoenes & Thurn 




Postfach 86 07 48 




81634 Munchen (DE) 



CM 
< 

CD 
CO 

O 
00 



(54) Organic electroluminescent device and method of controlling the emission spectrum 



(57) An organic electroluminescent device includes 
at least one luminescent layer, constituted from an 
organic compound, provided between a cathode elec- 
trode and an anode electrode opposed to the cathode 
electrode; and an organic compound layer doped with a 
metal capable of acting as an electron-donating dopant, 
the organic compound layer being disposed as a metal 
doping layer in an interfacial surface with the cathode 
electrode. An emission spectrum of light emitted from 
the organic electroluminescent device is controlled by 
varying a layer thickness of the metal doping layer. 
Alternatively, the organic compound layer can be doped 
with an electron-accepting compound, disposed as a 
chemical doping layer in an interfacial surface with the 
anode electrode on the luminescent layer side; wherein 
an emission spectrum of light emitted from the organic 
electroluminescent device is controlled by varying a 
layer thickness of the chemical doping layer. 
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Description 



BACKGROUND OF THE INVENTION 



5 1. Field of the Invention 

[0001] The present invention relates to an organic electroluminescent device (hereinafter, referred also tc .as an 
"organic EL device"), a group of organic EL devices and a method of controlling an em.ss.on spectrum of l.ght em.tted 
from such organic EL devices. 

10 

2. Description of the Related Art 

[00021 Recently, attention is been focused on organic electroluminescent devices having a '^m^ °r lumi- 
nescent layer formed from a specific organic compound due such organic elertrolum.nescent dev.ces be.ng able to 
aS?ve aTrge area display device operable at a low driving voltage. To produce an EL dev.ce havrng high effiaency, 
So eta* alts reported in Appl. Phys. Lett.. 51 , 91 3 (1987). have succeeded in providing an EL dev.ce having a atnic 
TZ?f££22Z compound layers having different carrier transporting properties are .abated* , therebyj nfro- 
duce hr S and electrons with a good balance from an anode and a cathode, respectively. In addition since the 
ttiSnes of the orSc compound flayers is less than or equal to 2.000 A. the EL device can exhibit a high luminance 
r^SetKysuffiint for practical use. i.e.. a luminance of 1 .000 cd/m* and an externa, quantum effiaency of 1% at 

Scombtnafcn with the organic compound which is considered to be fundamentally an electnca ly msu.at.ng mate- 
ria" n 3er o reduce an energy barrier which may cause a problem during injection of electrons from a metal-made 
e^ode However since the magnesium is liable to be oxidized and is unstable, and also exh,brts only a poor adhesion 
to a suS^e organic layers, magnesium was used upon alloying, i.e.. by the composition of the magnes.um w.th 
silver (Aq) which is relatively stable and exhibits good adhesion to a surface of the organic layers. 
SSfl On the other hand, researchers of Toppan Printing Co. (cf. 51 st periodical meeting Society of ^ Phys- 
cs Reprint 28a-PB-4. p.1040) and those of Pioneer Co. (cf. 54th periodical meeting. Society of Applied Physics. Pre- 
3£ESw6 P 1127) have had developments in the usage of lithium (Li), which has an even lower work function 
£2 SSm /JS SU li^ium (Li) with an aluminum (Al) to obtain a stabilized cathode, thereby embodying a lower 
dXina totan and a higher emitting luminance in comparison with EL devices using magnesium alloys. 
£2 In addition as is reported in IEEE Trans. Electron Devices. 40. 1342 (1993). the inventors of *ie present 
i„n£Lon hMtand that a two-layered cathode produced by depositing lithium (Li) alone with a very small thickness 
oSoToA^ 
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loS" ' ESS aCeEL devSfas is disclosed in Japanese Unexamined Patent Publication (Kokal) No.63- 
S. * Sness of the organic compound layer is controlled to not more than 1 pxn (substantially 0J ^,m or less), 
incomes possible to operate the devices atalow voltage which is acx^ptable for practical use. even if an oraaniccom- 
*n Joun^whXis basically an electrically insulating material is used in the formation of the organic compound layer. 
^^SSSJJSSS this application, as is disclosed in Japanese Unexamined Patent Publication Koka. 
K27017 has discovered that if a metal showing a low work function such as an alkali metal, an alkali earth me^ 
and transition metals including a rare earth metal, and an organic electron-accepting compound are mixed ,n .he pre- 
determined I Jo through opposition to form an electron injection layer, the resulting EL device 
45 low Xing voltage regardless of the work function of the cathode. In this EL device, a donor (e 
s^stenS ie metal ' capable of acting as a reducing agent for toe organic ^ 

o^manic impound to be contacted with the cathode, and thus the organic compound is retained as a m o lecu .e 
in L forrTnamely . the molecule of the organic compound has electrons accepted or .njeded ^rem As a 

result Z energy barrier in the electron injection from a cathode to an organic compound ayer is reduced thereby 

so ^^Z J^e driving of me EL devices in comparison to the prior art EL devices. Moreover. ,n the formation 
ofTe cathool it is possible to use any stable metals which are conventionally used as a wmng material such as alu- 
* a suitable combination of the organic compound and the metal is applied to the metal dopmg 
3 an incrSrof tne driving voltage can be prevented in contrast to the prior art layer constituted from only an 
0 T a nic comotiund and such eLts can be obtained even if a layer thickness of the metal doping layer ,s increased to 

55 a^Ta^e! 'ot ^.0^ Namely, in this EL device, a dependency of the driving voltage upon layer thickness 

tZr^XZ^Z^e^ EL device developed by Tang et a, an indium-tin.xide (ITO) is 
2 as an anode electrode over the glass substrate. However, the use of the .TO anode electrode m the device 
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taught by Tang et al. to obtain a good contact near to ohmic contact is considered to be made due to unexpected luck, 
because, in the hole injection to the organic compound, the ITO electrode has been frequently used as a transparent 
anode electrode made of metal oxide to satisfy the requirement for the emission of light in the planar area, and the ITO 
electrode can exhibit a relatively large work function of not more than 5.0eV. 
5 [0009] Further, in the EL device taught by Tang et a!., a layer of copper phthalocyanine (hereinafter, CuPc) having 
a thickness of not more than 200 A is inserted between the anode and the hole-transporting organic compound layer to 
further improve the contact efficiency of the anod e interface region, thereby enabling the operation of the device at a 
low voltage. 

[0010] Furthermore, the researchers of Pioneer Co., Ltd., have obtained similar effects by using a starburst type 

w arylamine compounds, proposed by Shirota et al., of Osaka University. 

[001 1] CuPc compounds and starburst type arylamine compounds have characteristics that show a work function 
smaller than that of ITO and a relatively high mobility of the hole charge; and thus they can improve the stability of the 
EL devices during continuous drive, as a function of improved interfacial contact, in addition to low-voltage driving. 
[001 2] On the other hand, the applicant of this application and others, as is disclosed in Japanese Unexamined Pat- 

15 ent Publication (Kokai) No.10-49771, have discovered that, if a Lewis acid compound and an organic hole-transporting 
compound are mixed in a predetermined ratio using a co-deposition method to form a hole injection layer, the resulting 
EL device can be operated at a low driving voltage regardless of the work function of the anode. In this EL device, a 
Lewis acid compound capable of acting as an oxidation agent for the organic compound is previously doped into a layer 
of the organic compound to be contacted with the anode, and thus the organic compound is retained as a molecule in 

20 an oxidized form. As a result, an energy barrier in the hole injection from an anode to an organic compound layer is 
reduced, thereby ensuring a low-voltage driving of the EL devices in comparison to the prior art EL devices. Accord- 
ingly, if a suitable combination of the organic compound and the Lewis acid compound is applied to the hole injection 
layer, an increase of the driving voltage can be avoided in contrast to the prior art layer constituted from only an organic 
compound, and such effects can be obtained even if a layer thickness of the hole injection layer is increased to a level 

25 in the order of micrometers. Namely, in this EL device, a dependency of the driving voltage upon the layer thickness of 
the hole injection layer can be removed. Details of this EL device should be referred to a preprint of 47th periodical 
meeting of Japanese Society of Polymer, Vol.47, No.9, p.1 940 (1 998). 

[0013] In addition, there have been made other approaches to improve the organic EL devices, because an emis- 
sion spectrum of the EL devices relies upon the fluorescence generated by the organic dyes, and thus a half-width 
30 thereof is generally large. The large half-width of the emission spectrum is insufficient to satisfy the requirements for 
tone control of the devices. 

[0014] As is disclosed in Japanese Unexamined Patent Publication (Kokai) No.8-213174, Nakayama et al. t of 
Hitachi Ltd., have succeeded in giving an optical resonator function to the EL device, thereby improving the purity of 
color of light emitted from the device. The invention taught provides a translucent reflective layer between a glass sub- 
35 strate and a transparent ITO electrode to control an optical distance (length of optical path) between a light emission 
layer and a back electrode (anode). 

[001 5] The layer structure similar to that of Nakayama et al., was also adopted by Tokitoh et al., of Kabushikikaisha 
Toyota Chuo Kenkyusho. Namely, as is disclosed in Japanese Unexamined Patent Publication (Kokai) No.9-1 80883, 
Tokitoh et al. have determined a length of the optical path using a similar layer structure to obtain a single emission 

40 mode, thereby ensuring a monochromaticity and a strong directivity in a front direction. 

[0016] As will be appreciated, both of the above EL devices have a layer structure in which a translucent reflective 
layer is sandwiched between a transparent electrically conducting layer as an anode and a glass substrate, the trans- 
lucent reflective layer being formed by alternately depositing thin layers having different indexes of refraction such as 
Ti0 2 and Si0 2 with sputtering or the like, and an optica! resonator structure is formed between the reflective layer and 

45 the anode as a reflecting mirror. However, when it is intended to form a charge injection layer in these EL devices by 
using only an organic compound as in the prior art organic EL devices, to obtain a effective length of optical path suffi- 
cient to utilize an interference effect of light, it is necessary to provide a translucent reflective layer in accordance with 
the above-mentioned manner, in addition to formation of the organic layer. 

50 SUMMARY OF THE INVENTION 

[0017] The present invention is designed to solve the above-mentioned problems of the EL devices of the prior art, 
wherein an object of the present invention is to provide an EL device wherein the driving voltage can be reduced by 
forming an electron injection layer to be contacted with a cathode as a metal doping layer, or by forming a hole injection 
55 layer to be contacted with an anode as a chemical doping layer; and, at the same time, to utilize the tack of dependency 
of the driving voltage upon the layer thickness of the metal doping layer or chemical doping layer, to thereby function as 
an emission spectrum controlling layer to the electron injection layer or hole injection layer. 

[0018] In order to achieve the above-mentioned object, an organic electroluminescent device is provided, including 
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anode efeotrode opposed to B» oalhode eleolrode. end an J M „ J, , „ „ w ,rfad a , 

,s ^ntafed by aaryW , IV thiokaess .Mh. J^*^ meB| ^ ^ „ m=M. an «l e.* 
(00191 Preferably. the metal ™*^f a «o* fencbon of no, mn. than 4.2 .V. 

53 SJSS 5^53SSSS- a ooUd layer » «. a spee* emlsafen spe*um 

ltded. e*h o^aofe ^^^^S^K*-' **«* - 

o^anle ele<«*,n»escent de*e has different ^ earll> 

,0027] PrefereM* the metal ^J'^^ ™Sg a SToOon of not more than 4.2 .V. 

metal doping layer. invention, a method of controlling an emission spectrum of light 

[0031] According to anothe aspect of ihe present |east one , umineS cent layer, consti- 

emitted from an ^j2E£Sd an anode electrode opposed to the cath- 

tuted from an organ.c compound, V™^™™**"*?^ meta| of act ing as an electron-donating dopant 

ode electrode, and an organ.c T*»*££S^ ^See^trode on the luminescent layer side. The 

from the organic electroluminescent device. emission spectrum of light in 

r.0032! Prefer, a ^' devices are operated at a sub- 

rn^rr:^ 

EST SSlhO to another aspect of the present invention, an organic electroluminescent device is provided. 

inc,uding fr^m an omanic comDound provided between a cathode electrode and an 

at feast one kiminesoent layer. ccmsbtufed tan ,*> o*ame °W^P aoped with an eleotm,w«»ptin.g 

« anode afeotafe opposed to * <^.'£"*™£, SSCw- « « "a"**' •"*» «* 8,8 
5S to tot* rC^oa" «*. «« of M polytoor ooosottdlng fhe ergenlc compound layer. 
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[0039] Preferably, the chemical doping layer has a layer thickness of not less than 50 angstroms. 
[0040] In an embodiment, the electron-accepting compound includes an inorganic compound. 
[0041] Preferably, the inorganic compound includes at least one member selected from a group consisting of ferric 
chloride, aluminum chloride, gallium chloride, indium chloride and antimony pentachloride. 
5 [0042] In another embodiment, the electron-accepting compound includes an organic compound. 
[0043] In an embodiment, the organic compound includes trinitrofluorenone. 

[0044] Preferably, the chemical doping layer includes divided areas having different layer thicknesses. 
[0045] Preferably, each of the divided areas includes a group of picture elements arranged in a matrix form. 
[0046] Preferably, wherein each of the divided areas has a controlled layer thickness to obtain a specific emission 

w spectrum in each divided area. 

[0047] According to another aspect of the present invention, a group of organic electroluminescent devices is pro- 
vided, each organic electroluminescent device including at least one luminescent layer, constituted from an organic 
compound, provided between a cathode electrode and an anode electrode opposed to the cathode electrode. The 
organic electroluminescent devices each includes an organic compound layer, as a chemical doping layer, doped with 

is an electron-accepting compound having properties of a Lewis acid, the organic compound layer being disposed in an 
interfacial surface with the anode electrode on the luminescent layer side of the organic electroluminescent device. A 
layer thickness of the chemical doping layer is varied in the each organic electroluminescent device so that light emitted 
from the organic electroluminescent device has different emission spectrums. 

[0048] In an embodiment, the chemical doping layer is a layer of organic compound formed upon doping, through 
20 co-deposition in a vacuum, of the electron-accepting compound. 

[0049] In another embodiment, the chemical doping layer is a layer of organic compound formed upon coating a 
coating solution which is prepared by reacting an organic compound constituting the organic compound layer and the 
electron-accepting compound in a solution. 

[0050] Preferably, the organic compound constituting the organic compound layer is a polymer. 
25 [0051] In an embodiment, the organic compound layer includes the electron-accepting compound by a molar ratio 
of 0.1 to 10 with respect to the organic compound constituting the organic compound layer. 

[0052] In an embodiment, the organic compound layer includes the electron-accepting compound by a molar ratio 
of 0.1 to 10 with respect to an active unit of the polymer constituting the organic compound layer. 
{0053] Preferably, the chemical doping layer has a layer thickness of not less than 50 angstroms. 

30 [0054] In an embodiment, the electron-accepting compound includes an inorganic compound. 
[0055] In another embodiment, the electron-accepting compound includes an organic compound. 
[0056] According to another aspect of the present invention, a method of controlling an emission spectrum of light 
emitted from an organic electroluminescent device is provided, which includes at least one luminescent layer, consti- 
tuted from an organic compound, provided between a cathode electrode and an anode electrode opposed to the cath- 

35 ode electrode; and an organic compound layer, as a chemical doping layer, doped with an electron-accepting 
compound, having properties of a Lewis acid, disposed in an interfacial surface with the anode electrode on the lumi- 
nescent layer side. The method includes varying a layer thickness of the chemical doping layer to control an emission 
spectrum of light emitted from the organic electroluminescent device. 

[0057] Preferably, a layer thickness of the chemical doping layer is varied to control an emission spectrum of light 
40 in two or more organic electroluminescent devices, while the organic electroluminescent devices are operated at a sub- 
stantially same driving voltage regardless of the layer thickness of the chemical doping layer in each organic electrolu- 
minescent device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0058] The present invention will be more clearly understood from the description as set forth below with reference 
to the accompanying drawings, wherein: 

Figure 1 is a cross-sectional view illustrating a lamination structure of an organic EL device according the first 

so embodiment of the present invention; 

Figure 2 is a graph showing the relationship between the bias voltage and the luminance for an organic EL device 
of the first embodiment of the present invention and the organic EL device of a comparative example; 
Figure 3 is a graph showing the relationship between the current density and the luminance for an organic EL 
device of the first embodiment of the present invention and the organic EL device of a comparative example; 

55 Figure 4 is a graph showing the emission spectrum of an organic EL device of the first embodiment of the present 
invention; 

Figure 5 is a graph showing the relationship between the bias voltage and the electric current for an organic EL 
device of the first embodiment of the present invention and the organic EL device of a comparative example; 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

„ [0 059] Thepresentinventionw'^ 

the present invention. _„„ na , ^ aiustratlna the organic EL device according to the first aspect 

[00601 Figure 1 is a schematic cross-sect.onal ^JJ^SltadSs laminated in the following order on a sur- 
of the present invention. A glass "^^^Sta ^3 having a ho.e-transporfing property, a lumi- 
tace thereof, a transparent anode ^f^^^^TAmong these EL device elements (layers), the glass 
nescent layer 4, a metal dop,ng layer 5 and a ca^e^ctrodeb_« g jon , 3> ^ , umin escent 

[0 061] <n^ rttontot ^ , ayer/metal doping 

the present invention may include other '^^J^^ 

.ayer/cathode, anode/hole ^^^^ZlT^^^SS^ anode/hole injection layer/lumines- 
,ayer/luminescent layer/electron transportation ayer/metol ^^ r ^^ n|a ^ flu ^ nescen t layer/metal ck^ 
cem layer/metal dopinglayer/^^^^ transportation 
ing layer/cathode, anode/hole .n,ect.on ^J^J^^L^ of the first aspect of the present Invention may 

electrode 6. . _ mness from a cathode electrode to an organic compound 

[0062] in the organic EL device, an electron in ect,on proce si Mnacn " compound in a 

[^er.lhioh is fundaments an ^^E^^J^^ C^t-L H 229 (1965) ). In the 
surface of the cathode electrode, ^ ; of^^ca^ 23^^,^,^ ) dopan t substance which 

organic EL device of the first aspect of the presen .nvenbon, smce a £™ < compound layer 

can act as a reducing agent for the organic compound ^^^nS^IoS from the cathode to the organic corn- 
contacting the cathode electrode, an energy bamer dunn ^ ^ £,e n(J |ayer which 
pound layer can be reduced. The metal doping '^^^^^ mentione l, above. Because the metal 
40 has been doped with a metal capable of acfing as ^^^^Smi, ramely . mo lecules of the metal 
doping layer contains molecules wh.ch have been ■J**'"™"^ * barrier of the electron injection is small, 
doping layerhave the elect^ 

and thus it is possible to reduce a dnvmg wltag of the EL .mn» P ^ ^ £L ^ whjch fe 

tion. it is possible to use a stable metal matenal ^SSShnSil*!- to any particular dopant, so long as 
45 a conventional wiring material. In this case, the ^T^S^to a!5S metal such as LI or the like, an alkali earth 
it can reduce the organic compound. ^^^^^^^^^^^^ 

50 Ldekdeffectsandother^ 

with respect to the organic compound .n the ^ J ™ P mo|ecules reduce d with the dopant (hereinafter, 

ficient doping effect due to excessively reduced concentratio ' ° ^ m ° how insuffici ent doping 

referred a.sofo as "reduced mo.ecu.eV). of notaole increase of 

r 0 oX pin ^^^ 
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thin films including, for example, a vapor deposition method and a sputtering method. In addition to these methods, if 
the metal doping layer 5 can be formed from a coating solution, the metal doping layer 5 may be formed by using any 
coating method; such as spin coating, dip coating and the like. In such a layer formation process, an organic compound 
to be doped and a dopant may be dispersed in an inactive polymeric material. 

5 [0065] In the production of the organic EL device, the organic compounds used in the formation of the luminescent 
layer, the electron transportation layer and the metal doping layer are not restricted to any specific compounds However, 
typical examples of suitable organic compounds include polycyciic compounds such as p-terphenyl and quaterphenyl 
as well as derivatives thereof; condensed polycyciic hydrocarbon compounds such as naphthalene, tetracene, pyrene, 
coronene, chrysene, anthracene, dlphenylanthracene, naphthacene and phenanthrene as well as derivatives thereof; 

10 condensed heterocyclic compounds such as phenanthroline, bathophenanthroline, phenanthridine, acridine, quinoline, 
quinoxaline, phenazine and the like as well as derivatives thereof; and fluoroceine, perylene, phthaloperylene, naphtha- 
loperylene, perynone, phthaloperynone, naphthaloperynone, diphenylbutadiene, tetraphenylbutadiene, oxadiazole, 
aldazine, bisbenzoxazoline, bisstyryl, pyrazine, cyclopentadiene, oxine, aminoquinoline, imine, diphenylethylene, 
vinylanthracene. diaminocarbazole, pyrane, thiopyrane, polymethine, merocyanine, quinacridone and rubrene as well 

15 as derivatives thereof. 

[0066] In addition to these organic compounds, metal-chelated complex compounds described in Japanese Unex- 
amined Patent Publication (Kokai) Nos. 63-295695. 8-22557, 8-81472, 5-9470 and 5-17764 may be suitably used as 
the organic compounds. Among these metal-chelated complex compounds, metal-chelated oxanoide compounds, for 
example, metal complexes which contain, as a ligand thereof, at least one member selected from 8-quinolinolato such 
20 as tris(8-quinolinolato)aluminum, bis(8-quinolinolato)magnesium, bis(benzo(f>8-quinolinolato]zinc, bis(2-methyl-8-qui- 
nolinolato)aluminum, tri(8-quinolinolato)indium, tris(5-methyl-8-quinolinolato)aluminum, 8-quinolinolatolithium, tris(5- 
chloro-8-quinolinolato)gallium and bis(5-chloro-8-quinolinolato)calcium as well as derivatives thereof can be suitably 
used. 

[0067] Further, oxadiazoles disclosed in Japanese Patent Kokai Nos. 5-202011, 7-179394, 7-278124 and 7- 
25 228579, triazines disclosed in Japanese Patent Kokai No. 7-1 57473, stilbene derivatives and distyrylarylene derivatives 
disclosed in Japanese Patent Kokai No. 6-203963, styryl derivatives disclosed in Japanese Patent Kokai Nos. 6-132080 
:and 6-88072, and diolefin derivatives disclosed in Japanese Patent Kokai Nos.6-1 00857 and 6-207170 are preferably 
used in the formation of the luminescent layer and the electron transportation layer. 

[0068] Furthermore, a fluorescent whitening agent such as benzoxazoles, benzothiazoles and benzoimidazoles 
30 may be used as the organic compounds, and it includes, for example, those described in Japanese Patent Kokai No. 
59-194393. Typical examples of the fluorescent whitening agent include the fluorescent whitening agents classified 
under the group of benzoxazoles such as 2,5-bis(5,7-di-t-pentyl-2-benzoxazolyl)-1,3,4-thiazole, 4,4'-bis(5,7-t-pentyl-2- 
benzoxazolyQstilbene, 4,4-bis[5,7-di(2-methyl-2-butyl)-2-benzoxazolyl]stilbene, 2,5-bis(5,7-di-t-pentyl-2-benzoxa- 
zolyl)thiophene, 2,5-bis[5-(a,a-dimethylbenzyl)-2-benzoxazolyl]thiophene, 2,5-bis[5,7-di(2-methy1-2-butyl)-2-benzoxa- 
35 zoly^3,4-diphenylthiophene, 2,5-bis(5-methyI-2-benzoxazolyl)thiophene, 4,4 , -bis(2-benzoxazolyl)biphenyl, 5-methyl-2- 
{2-[4-(5-methyl-2-benzoxazolyl)phenyl]vinyl} benzoxazole and 2-[2-(4-chlorophenyl)vinyl]naphtho(1 I 2-d)oxazole; under 
the group of benzothiazoles such as 2,2 , -(p-phenylenedipynylene)-bisbenzothiazole; and under the group of benzoimi- 
dazoles such as 2-{2-[4-(2-benzoimidazolyl)phenyl]vinyl}benzoimidazole and 2-[2-(4-carboxyphenyl)vinyl]benzoimida- 
zole. 

40 [0069] As the distyrylbenzene compound, the compounds disclosed in European Patent No. 373,582 may be used, 
for example. Typical examples of the distyrylbenzene compound include 1,4-bis(2-methylstyryl)benzene, 1,4-bis(3- 
methylstyryl)benzene, 1,4-bis(4-methylstyryl)benzene, distyrylbenzene, 1 ,4-bis(2-ethylstyryl)benzene, 1 ,4-bis(3-ethyl- 
styryl)benzene, 1,4-bis(2-methylstyryl)-2-methylbenzene and 1,4-bis(2-methylstyryl)-2-ethylbenzene. 
[0070] Furthermore, distyrylpyrazine derivatives disclosed in Japanese Patent Kokai No. 2-252793 may also be 

45 used in the formation of the luminescent layer, the electron transportation layer and the metal doping layer. Typical 
examples of the distyrylpyrazine derivatives include 2,5-bis(4-methylstyryl)pyrazine, 2,5-bis(4-ethylstyryl)pyrazine, 2,5- 
bis[2-(1-naphthyl)vinyl]pyrazine, 2,5-bis(4-methoxystyryl)pyrazine, 2,5-bis[2-(4-biphenyl)vinyl]pyrazine and 2,5-bis[2- 
(1 -pyrenyl)vinyl]pyrazine. 

[0071] In addition, dimethyiidine derivatives disclosed in European Patent No. 388,768 and Japanese Patent Kokai 
so No. 3-231 970 may also be used as the material of the luminescent layer, the electron transportation layer and the metal 
doping layer. Typical examples of the dimethyiidine derivatives include 1 ,4-phenylenedimethylidine, 4,4-phenylened- 
imethylidine, 2,5-xylylenedimethylidine, 2,6-naphthylenedimethylidine, 1 ,4-biphenylenedimethylidine, 1,4-p-terephe- 
nylenedimethylidine, 9,10-anthracenediyldimethylidine, 4,4 , -(2,2-di-t-butylphenylvinyl)biphenyl and 4,4'-(2,2- 
diphenylvinyl)biphenyl as well as derivatives thereof; silanamine derivatives disclosed in Japanese Patent Kokai Nos. 
55 6-49079 and 6-293778; polyfunctional styryl compounds disclosed in Japanese Patent Kokai Nos. 6-279322 and 6- 
279323; oxadiazole derivatives disclosed in Japanese Patent Kokai Nos. 6-107648 and 6-92947; anthracene com- 
pounds disclosed in Japanese Patent Kokai No. 6-206865; oxynate derivatives disclosed in Japanese Patent Kokai No. 
6-145146; tetraphenylbutadiene compounds disclosed in Japanese Patent Kokai No. 4-96990; and organic trifunctional 
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compounds disclosed in Japanese Patent Kokai No. 3-296595; as well as ^l^^^r^^- 
pLnt Kokai No 2-191694- perylene derivatives disclosed in Japanese Patent Kokai No. 2-196885 naphthalene aenv 
ZZ d^dosed inZnese Patent Kokai No. 2-255789; phtha.operynone ^^^'^^ 
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of the anode electrode, that is, formation of the radical cation state (cf. Phys. Rev. Lett., 14, 229 (1965) ). In the organic 
EL device of the second aspect of the present invention, since an electron-accepting compound, which has properties 
of a Lewis acid, and thus can act as an oxidation agent for the organic compound, is previously doped in an organic 
compound layer contacting the anode electrode, an energy barrier during the electron injection from the anode elec- 

5 trode to the organic compound layer can be reduced. The chemical doping layer 23 of the illustrated EL device is an 
organic compound layer which has been doped with an electron-accepting compound having properties of a Lewis acid 
in the manner mentioned above. Because the chemical doping layer contains molecules which have been already oxi- 
dized with the dopant, its energy barrier of the hole injection is small, and thus it is possible to reduce a driving voltage 
of the device in comparison to the prior art EL devices. In this case, the Lewis acid may include any one or more of the 

10 compounds capable of oxidizing an organic compound such as an inorganic compound, for example, ferric chloride, 
aluminum chloride, gallium chloride, indium chloride, antimony pentachloride and the like, and an organic compound, 
for example, trinitrofluorenone and the like. 

[0080] In the above chemical doping layer, a concentration of the Lewis acid as the dopant may be widely varied 
depending upon the desired effects and other factors; however, it is preferred that the Lewis acid is contained in a molar 

15 ratio of 0.1 to 10 with respect to the organic compound in the chemical doping layer. The Lewis acid concentration of 
less than 0.1 will show insufficient doping effect due to excessively reduced concentration of the molecules oxidized 
with the dopant (hereinafter, referred also to as "oxidized molecules"), whereas the concentration of more than 10 will 
also show insufficient doping effect due to remarkable reduction of the concentration of the oxidized molecules as a 
function of notable increase of the Lewis acid concentration in comparison with the concentration of the organic mole- 

20 cules in the layer. Further, in principle, the chemical doping layer has no upper limit in its layer thickness. 

[0081] In the production of the organic EL device, the organic compounds used in the formation of the chemical 
doping layer, the hole transportation layer and the hole-transporting luminescent layer are not restricted to the specified 
compounds. They may be the same as those used in the formation of the hole injection layer, the hole transportation 
layer and the hole-transporting luminescent layer in the above-described EL device of the first aspect of the present 

25 invention. 

[0082] Similarly, the organic compounds used in the formation of the luminescent layer, the electron transportation 
layer and the electron injection layer are not restricted to the specified compounds. They may be the same as those 
used in the formation of the luminescent layer, the electron transportation layer and the metal doping layer in the above- 
described EL device of the first aspect of the present invention. 
30 [0083] As in the above-described EL device of the first aspect of the present invention, the material of the anode 
electrode of the second aspect of the present invention is not limited, so long as the anode electrode is a metal capable 
of being stably used in air. In particular, a suitable anode material is aluminum which is conventionally and widely used 
as the wiring electrode. 

35 EXAMPLES 

[0084] The present invention will be further described with reference to the following examples, however, it should 
be noted that the present invention is not restricted by these examples. 

40 Examples according to the first aspect of the present invention: 

[0085] In the following examples, the first aspect of the present invention will be described. In these examples, 
vapor deposition of the organic compound and the metal was carried out by using the vapor deposition apparatus "VPC- 
400" commercially available from Shinkuu Kikou Co. The thickness of the deposited layers was determined by using the 

45 profilometer "DekTak3ST commercially available from Sloan Co. Further, the characteristics of the organic EL device 
were determined by using the source meter "2400" commercially available from Keithley & Co., and the luminance 
meter "BM-8" commercially available from Topcon Co. A DC voltage was applied in steps at an increasing rate of one 
volt per 2 seconds to the EL device having an ITO anode and an aluminum (Al) cathode, and the luminance and the 
electric current were determined after one second had passed from the completion of each increase of the voltage. The 

so EL spectrum was determined by using the optical multichannel analyzer "PMA-1 1 commercially available from Hama- 
matsu Photonics Co., driven at a constant electric current. 

Example 1: 

55 [0086] The organic EL device having the lamination structure illustrated in Fig. 1 was produced according to the 
present invention. 

[0087] A glass substrate 1 was coated with an ITO (indium-tin oxide) layer having a sheet resistance of about 25 
O/o, commercially available as a sputtered product from Sanyou Shinkuu Co., to form a transparent anode electrode 2. 
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transportation layer 3 having a thickness of about 500 A. 
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[0090] Finally, almlnum (Al) was deposited at the deposition rate of about 10 A/sec onto the metal doping layer 5 to 
form a cathode electrode 6 having a thickness of about 1,000 A. The organic EL device having a square luminescent 
area of about 0.5cm (length) by about 0.5cm (width) was thus obtained. 

[0091] In the produced organic EL device, a DC voltage was applied to between the transparent anode electrode 
25 (ITO) 2 and the cathode electrode (Al) 6, and a luminance of the green luminescence from the luminescent layer (Alq) 
4 was determined to obtain the results plotted with white circles in Figs. 2 and 3. It can be appreciated from Fig. 2, show- 
ing the relationship between the bias voltage and the luminance of the EL device, and Fig. 3, showing the relationship 
between the current density and the luminance of the EL device, that a high luminance of at most about 28,000 cd/m 2 
could be obtained at the applied bias voltage of 11 volts and at the current density of about 600 mA/cm 2 , and that a 
30 luminance of about 1 ,000cd/m 2 could be obtained at the applied bias voltage of about 7 volts. Further, it was found from 
the observation of the emission spectrum that the emission spectrum is identical with the fluorescent spectrum of Alq 
(see, the solid line in the graph of Fig. 4). 

Comparative Example 1: 

35 

[0092] The procedure of Example 1 was repeated to produce an organic EL device with the proviso that, for the pur- 
pose of comparison, a metal doping layer 5 is omitted from the device. Namely, a-NPD was first deposited onto the ITO- 
coated glass substrate to form a hole transportation layer having a thickness of about 500 A, and then Alq was depos- 
ited under the same vacuum deposition conditions as in the deposition of the hole transportation layer to form a lumi- 

40 nescent layer having a thickness of about 700 A. Thereafter, aluminum (Al) was deposited at a thickness of about 1 ,000 
A over the luminescent layer to form a cathode electrode. The organic EL device was thus obtained. 
[0093] In the produced organic EL device, the luminance of the green luminescence from the luminescent layer was 
determined as in Example 1 to obtain the results plotted with triangular symbols in Figs. 2 and 3. It can be appreciated 
from Fig. 2, showing the relationship between the bias voltage and the luminance of the EL device, and Fig. 3, showing 

45 the relationship between the current density and the luminance of the EL device, that only a luminance of at most about 
4,700 cd/m 2 was obtained at the increased applied bias voltage of 15 volts, and the applied bias voltage of about 13 
volts was required to obtain a luminance of about 1 ,000cd/m 2 . 

[0094] The results of Figs. 2 and 3 indicate that the presence of a metal doping layer in the EL devices is effective 
to reduce the driving voltage of the devices. 

50 

Example 2: 

[0095] The procedure of Example 1 was repeated to produce an organic EL device with the proviso that in this 
example, a-NPD was first deposited onto the ITO-coated glass substrate 1 to form a hole transportation layer 3 having 
55 a thickness of about 500 A, followed by vacuum deposition of Alq to form a luminescent layer 4 having a thickness of 
about 400 A. 

[0096] Thereafter, to obtain metal doping layers 5 having different layer thicknesses, bathophenanthroline and lith- 
ium in a molar ratio of 1 : 1 were co-deposited under a controlled deposition rate to obtain the described molar ratio onto 
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the.uminescent^^ 

a cathode electrode 6. results |otted jn Fig . 5 showing the relation- 

[0098] The thus produced organ.c EL dev1 ^* l ™ N jn Ws pn , Symb0 | S A , B and C represent 
ship between the bias voltage and the current density of the device. ^Note n tn^ g P . y 
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55 [0104, Then, aluminum (Al) was deposited at a thickness of about 1.000 A on the metal doping layer 5 to form a 
S£? Outproduced organic EL device was tested to obtain the resuKs plotted in Fig. 5 showing the re.a«on- 
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ship between the bias voltage and the current density of the device. Note, in this graph, Symbols D, E and F represent 
metal doping layers having the layer thicknesses of 1 ,900 A, 4,800 A and 10,000 A (1 u.m), respectively. 
[0106] It was found from the above tests that if bathocuproine is used in place of bathophenanthroline as the 
organic compound in the formation of the metal doping layer 5 of the EL device, the driving voltage of the device is not 
5 increased with the increase of the layer thickness of the layer 5 as it has been already confirmed in the device of Exam- 
ple 2, since bathocuproine has a function of acting as a Hgand with respect to the metal ion to be doped into the layer 
5. Further, the observation of the emission spectrum indicated that, as in the device of Example 2, the emission spec- 
trum from Alg was modified due to the interference effect with the reflected light on the cathode electrode, thereby ena- 
bling to control a purity and tone of the color of the emitted light. 

10 

Comparative Example 2: 

[0107] The procedures of Examples 2 and 3 were repeated to produce an organic EL device with the proviso that, 
for the purpose of comparison, a-NPD was first deposited onto the ITO-coated glass substrate 1 to form a hole trans- 

15 portation layer 3 having a thickness of about 500 A, followed by vacuum deposition of Alq to form a luminescent layer 4 
having a thickness of about 400 A. Thereafter, to obtain metal doping layers 5 having different layer thicknesses, Alq 
and lithium in a molar ratio of 1 : 1 were co-deposited under the controlled deposition rate to obtain the described molar 
ratio onto the luminescent layer 4. Two metal doping layers 5 having the thicknesses of about 300 A and 800 A were 
thus obtained. Finally, aluminum (Al) was deposited at a thickness of about 1,000 A over the metal doping layer 5 to 

20 form a cathode electrode 6. Organic EL devices were thus obtained. 

[0108] The produced organic EL devices were tested to obtain the results plotted in Fig. 5 showing the relationship 
between the bias voltage and the current density of the device. Note, in this graph, Symbols G and H represent metal 
doping layers having the layer thicknesses of 300 A and 800 A, respectively. 

[0109] It was found from the above tests that if Alq is used as the organic compound in the formation of the metal 
25 doping layer 5 of the EL device, a driving voltage of the device can be gradually shifted to a high voltage value with the 
increase of the layer thickness of the layer 5 in contrast to the devices using bathophenanthroline or bathocuproine as 
the organic compound in the metal doping layer 5, i.e., the driving voltage of the EL device is dependent upon the thick- 
ness of the layer 5. 

[0110] As can be understood from the results of the above examples, if a compound capable of acting as a ligand 
30 to an ion of metal(s) to be doped, for example, bathophenanthroline and bathocuproine used as an organic compound 
in the metal doping layer of the EL devices, it becomes possible to effectively cause the reduction reaction of the organic 
compound to produce radical anions, thereby cancelling a dependency of the driving voltage of the device upon the 
thickness of the metal doping layer, along with free control of the emission spectrum of light emitted from the device. 

35 Examples according to the second aspect of the present invention: 

[01 1 1] In the following examples, the second aspect of the present invention will be described. Note, in these exam- 
ples, vapor deposition of the organic compound and the metal was carried out by using the vapor deposition apparatus 
described above with regard to the first aspect of the present invention. Similarly, the mesuring devices and methods of 
40 the device characteristics and others used herein are the same as those described above with regard to the first aspect 
of the present invention. 

Example 4: 

45 [0112] The organic EL device having the lamination structure illustrated in Fig. 7 was produced according to the 
second aspect of the present invention. 

[0113] A glass substrate 21 was coated with an ITO (indium-tin oxide) layer having a sheet resistance of about 
250/a, commercially available as a sputtered product from Sanyou Shinkuu Co., to form a transparent anode electrode 
22. Alpha (a)-NPD having a hole transporting property, represented by the above formula (I), and ferric chloride (FeCI 3 ) 
so were deposited in a molar ratio of 1 : 2 onto the ITO-coated glass substrate 21 under vacuum of about 10" 6 Torr and at 
the deposition rate of about 3 A /sec to form three chemical doping layers 23 having thicknesses of about 1 ,000 A, 2,000 
A and 3,000 A, respectively. 

[0114] After formation of the chemical doping layer 23, a-NPD, described above, was deposited under the same 
vacuum vapor deposition conditions as in the above-described deposition of the chemical doping layer 23 to form a hole 
55 transportation layer 24 having a thickness of about 500 A. 

[0115] Subsequently, Alq, represented by the above formula (II), was deposited onto the hole transportation layer 
24 under the same vacuum vapor deposition conditions as in the above-described deposition of the hole transportation 
layer 24 to form a luminescent layer 25 having a thickness of about 700 A. 
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the scope of the claims. 
Claims 

1 . An organic electroluminescent device comprising: 

at .east one luminescent layer, constituted from an organic compound, provided between a cathode electrode 
and an anode electrode opposed to said cathode electrode; and 

55 wherein 

an emission spectrum of light emitted from said organic electroluminescent device is controlled by varying a 
layer thickness of said metal doping layer. 
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2. The organic electroluminescent device according to Claim 1 , wherein said metal doping layer comprises at least 
one metal selected from an alkali metal, an alkali earth metal and transition metals including a rare earth metal, 
said metal having a work function of not more than 4.2 e V. 

5 3. The organic electroluminescent device according to Claim 1 or 2, wherein said metal is included in said metal dop- 
ing layer by a molar ratio of 0.1 to 10 with respect so said organic compound. 

4. The organic electroluminescent device according to any one of Claims 1 to 3, wherein said metal doping layer has 
a layer thickness of not less than 500 angstroms. 

10 

5. The organic electroluminescent device according to any one of Claims 1 to 4, wherein the organic compound in 
said metal doping layer can act as a ligand to an ion of said metal in said metal doping layer. 

6. The organic eletroluminescent device according to any one of Claims 1 to 5, wherein said metal doping layer com- 
15 prises divided areas having different layer thicknesses. 

7. The organic electroluminescent device according to Claim 6, wherein said divided areas each comprises a group 
of picture elements arranged in a matrix form. 

20 8. The organic electroluminescent device according to Claim 6 or 7, wherein each of said divided areas has a control- 
led layer thickness to obtain a specific emission spectrum in each divided area. 

9. A group of organic electroluminescent devices according to any one of Claims 1 to 8, wherein 

25 a layer thickness of said metal doping layer is controlled in each organic electroluminescent device so that light 

emitted from said each organic electroluminescent device has different emission spectrums. 

10. A method of controlling an emission spectrum of light emitted from an organic electroluminescent device which 
comprises at least one luminescent layer, constituted from an organic compound, provided between a cathode 

30 electrode and an anode electrode opposed to said cathode electrode, and an organic compound layer doped with 
a metal capable of acting as an electron-donating dopant disposed as a metal doping layer in an interfacial surface 
with said cathode electrode on the luminescent layer side, said method comprising: 

varying a layer thickness of said metal doping layer to control an emission spectrum of light emitted from said 
35 organic electroluminescent device. 

1 1 . The controlling method according to Claim 1 0, wherein a layer thickness of said metal doping layer is varied to con- 
trol an emission spectrum of light in two or more organic electroluminescent devices, while said organic electrolu- 
minscent devices are operated at substantially the same driving voltage regardless of the layer thickness of said 

40 metal doping layer in each organic electroluminescent device. 

12. An organic electroluminescent device comprising: 

at least one luminescent layer, constituted from an organic compound, provided between a cathode electrode 
45 and an anode electrode opposed to said cathode electrode; and 

an organic compound layer doped with an electron-accepting compound, having properties of a Lewis acid, 
disposed as a chemical doping layer in an interfacial surface with said anode electrode on the luminescent 
layer side; wherein 

50 

an emission spectrum of light emitted from said organic electroluminescent device is controlled by varying a 
layer thickness of said chemical doping layer. 

13. The organic electroluminescent device according to Claim 12, wherein said chemical doping layer is a layer of 
55 organic compound formed upon doping, through co-deposition in a vacuum, of said electron-accepting compound. 

14. The organic electroluminescent device according to Claim 12, wherein said chemical doping layer is a layer of 
organic compound formed upon coating a coating solution which is prepared by reacting an organic compound, 
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constituting said organic compound layer, and said electron-accepting compound in a solution. 

15. The organic electro.uminescent device according to Claim 14, wherein said organic compound constituting said 
organic compound layer is a polymer. 

pound constituting said organic compound layer. 

stituting said organic compound layer. 

18 Theorganicelectrolum^ 
is has a layer thickness of not less than 50 angstroms. 

19. The organic electroluminescent device according to any one of Claims 12 to 18. wherein said electron-accepting 
compound comprises an inorganic compound. 

ride and antimony pentachloride. 

21. The organic electroluminescent device according to any one of Cairns 12 to 18. wherein said electron-accepting 
25 compound comprises an organic compound. 

22. The organic electroluminescent device according to Claim 21, wherein said organic compound comprises trini- 
trofluorenone. 

30 23 TheorganicelecUolum"^ 

comprises divided areas having different layer thicknesses. 

24. The organic electroluminescent device according to Claim 23. wherein each of said divided areas comprises a 
group of picture elements arranged in a matrix form. 

organic electroluminescent device has different emission spectrums. 

££7 «L wim said anode electrode on the luminescent layer side. sa.d method compns,ng. 

varying a layer thickness of said chemica. doping layer to control an emission spectrum of light emitted from 
said organic electrolumiscent device. 

,ng to Claim 27. wherein a i layer uw«™* electroluminescent devices are oper- 
organic electroluminescent device. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 

Metal Doping Layer, using Bathophenanthroline (Layer Thickness of 1 900 A) 

Metal Doping Layeb, using Bathophenanthroline (Layer Thickness of 4800 A) 
Metal Doping Layer, using Bathophenanthroline (Layer Thickness of 10000 A) 

Metal Doping Layer, using Bathocuproine (Layer Thickness of 1900 A) 
Metal Doping Layer, using Bathocuproine (Layer Thickness of 4800 A) 
Metal Doping Layer, using Bathocuproine (Layer Thickness of 1 0000 A) 

Metal Doping Layer, using Alq (Layer Thickness of 300 A) 
Metjal Doping Layer, using Alq (Layer Thickness of 800 A) 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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